Objectives: Application of sealants is a safe and effective way to prevent occlusal caries in the posterior teeth. A successful sealant therapy depends on good isolation. Decreased steps of adhesive application may enable proper isolation and use of self-adhering flowable composites for sealant therapy. This study sought to compare the marginal microleakage of fissure sealants and self-adhering flowable composites in permanent teeth. Materials and Methods: This in vitro, experimental study was conducted on 60 extracted human premolar teeth. The teeth were divided randomly into two groups of 30. In the first group, fissure sealant (Clinpro, 3M ESPE, USA) was placed on the teeth. In the second group, self-adhering flowable composite (Vertise Flow, Kerr, USA) was applied as the sealant. Then, both groups were immersed in 0.5% fuchsin dye solution for 24 hours. Sectioned samples were observed with a stereomicroscope for the extent of dye penetration. Data were analyzed using SPSS 21 and the Mann-Whitney test (P<0.05). Results: Microleakage in the fissure sealant group was significantly higher than that in the self-adhering flowable composite group (P<0.001). Conclusion: Microleakage was less using self-adhering flowable composite compared to conventional fissure sealant; therefore, self-adhering flowable composite can be used as a suitable fissure sealant in permanent teeth.
INTRODUCTION
Sealant therapy is a safe and effective intervention for prevention of dental caries, particularly occlusal caries in the posterior teeth [1] . Some researchers consider it as the most effective method of caries prevention [2] .
Occlusal grooves in the posterior teeth are highly susceptible to decay. By the use of sealant materials, a physical barrier is placed to prevent the onset of dental caries. No method has been introduced to ensure the outcome of sealant therapy [3] . A variety of factors play a role in success/failure of sealant therapy such as microleakage at the sealant/tooth interface, debonding of sealant, presence of caries in deep grooves and its extension after sealing the groove, and the expertise of the clinician. The most important factor responsible for failure of sealant therapy is the microleakage at the tooth/sealant interface [4] . In pediatric dentistry, isolation during the process of sealant placement is difficult to achieve. Inadequate isolation increases the risk of microleakage and subsequent treatment failure. Therefore, use of bonding agents such as selfetching and self-adhering systems has become popular due to easier application and fewer working steps. This issue is of great importance especially in pediatric dentistry, because of the poor cooperation of children. In a study conducted by Bektas et al, in 2013, the amount of marginal microleakage was not significantly different between the teeth filled with self-adhering flowable composite and those filled with the conventional flowable composite [5] . The researchers used dye penetration method to assess marginal microleakage and susceptibility to decay [5] . Dye penetration is a widely used technique, which is inexpensive and non-toxic and detects even small amounts of leakage [6] . This study aimed to compare the microleakage of self-adhering flowable composite and conventional fissure sealant.
MATERIALS AND METHODS
In this in vitro study, 60 healthy premolar teeth without caries, restorations, cracks or defects were extracted due to orthodontic reasons and randomly divided into two groups of 30. Occlusal surfaces of all teeth were cleaned with a brush and the teeth were immersed in distilled water at 4°C until the experiment. Samples were divided into 2 groups as follows: Clinpro group: Samples in this group (Clinpro fissure sealant, 3M ESPE, St. Paul, MN, USA) were first thoroughly rinsed with water.
They were then air-dried for 10 seconds and etched for 30 seconds using phosphoric acid (Denfil Etchant Vericom Co., Georggi, Korea). After thorough rinsing and drying, onelayer of bonding agent (Tetric N-Bond, Ivoclar /Vivadent, Schaan, Liechtenstein) was applied to the etched surface and light-cured using Coltolux light-curing unit (Coltene AG, Altstatten, Switzerland). Fissure sealant was then gently placed on the area. Sealant was carefully directed to the grooves to penetrate deep into the grooves and prevent void formation. Light curing was performed for 40 seconds by the same light-curing unit [7] . Vertise Flow group: According to the manufacturer's instructions, self-adhering flowable composite (Vertise Flow, Kerr, USA) does not require any acid etching or bonding protocol prior to application. Self-adhering flowable composite was placed on the grooves using a microbrush for 20 seconds. This layer did not exceed 0.5 mm in thickness. Light curing was performed using Coltolux light-curing unit (Coltene AG, Altstatten, Switzerland) for 40 seconds [7, 8] . During the experiment, samples were stored in distilled water at room temperature. After 24 hours of storage in distilled water at 37 ° C (incubator), all samples were separately placed into thin lace-like fabrics with two different colors (for each group) and subjected to 500 thermal cycles between 5°C and 55°C. Duration of exposure at each temperature was 20 seconds. After thermocycling, all samples were prepared for immersion in dye solution as follows: Teeth apices and the furcation area were well sealed with self-cured glass ionomer. Then, the crown and root surfaces of the teeth were covered with two layers of nail varnish. A 2mm margin around the fissure sealant was not coated. By doing so, microleakage from areas other than the fissure sealant margin was prevented. After complete drying of nail varnish, the teeth in each group were separately immersed in 0.5% Fuchsine dye solution (Merck, Biesterfeld International GmbH, Bavaria, Germany) at room temperature for 24 hours [7] . Next, samples were rinsed and the varnish was cleaned with a scalpel for easy cut. After drying, specimens were mounted in acrylic blocks made of transparent acrylic resin. Samples were numbered and sectioned in a buccolingual direction along the longitudinal axis using a cutting machine (TL-3000, Vafaei Industrial Co., Tehran, Iran). The tooth was divided into mesial and distal halves under water coolant to prevent thermal damage. All the above-mentioned procedures were performed by a pediatric dentist. Then, only the mesial halves (coded) were evaluated under a stereomicroscope (Zeiss, Germany) at ×40 magnification to assess the degree of microleakage. Samples were examined under a stereomicroscope by an examiner blinded to the type of material used for sealant therapy. The amount of microleakage at the tooth/ sealant interface was rated as follows: Score 0 = no dye penetration. Score I = dye penetration restricted to occlusal half of the tooth/sealant interface Score II = dye penetration restricted to gingival half of the tooth/sealant interface Score III = dye penetration up to the depth of the groove and beneath the sealant [7] . Data were analyzed using SPSS 21 and the MannWhitney test. Level of significance was set at 0.05.
RESULTS
In the self-adhering composite group, 76.7% of specimens demonstrated score 0 and 23.3% showed score I of dye penetration. In conventional fissure sealant group, 20.0%, 33.3%, 16.7% and 30.0% of specimens demonstrated score 0, score I, score II and score III of dye penetration, respectively (Table 1) . According to the Mann-Whitney U test, microleakage was found to be significantly less in the selfadhering group when compared to the conventional fissure sealant group (P< 0.001).
DISCUSSION
This comparative study was conducted to evaluate the marginal microleakage of conventional fissure sealant and self-adhering flowable composite in permanent teeth. A reduction in microleakage was noted when using selfadhering flowable composite compared to fissure sealant material. Microleakage is a significant problem in operative dentistry and can lead to secondary caries, pulpal injuries, postoperative tooth hypersensitivity, marginal discoloration and fracture of restorations [8] . Bond strength and marginal leakage of restorative materials are usually investigated in vitro. A perfect restorative material should provide high bond strength and minimal leakage [8] . Marginal seal is important for the success of sealants, because penetration of microorganisms beneath the sealants initiates carious lesions [9] . Ganesh and Shobha believe that the primary factor affecting the performance and durability of a sealant is its marginal adaptation to the enamel, which provides a good seal and minimizes microleakage [10] . One solution is to use adhesives or self-etching sealants, which do not need rinsing and thus, decrease the risk of contamination [11] . Clinical and laboratory evaluation of microleakage can be performed; but in vitro studies are easier and more widely used. Various methods are used to evaluate microleakage in vitro such as chemical markers, radioactive isotopes, penetration of bacteria, neutron activation analysis, scanning electron microscopy, creating artificial caries, electrical conductivity and dye penetration methods [6] . Dye penetration is a widely used technique, which is inexpensive and non-toxic and detects even small amounts of leakage [6] .
In comparison with bacterial penetration, dye penetration method is more accurate because the dye particle diameters are less than those of bacteria and they are the same size as the bacterial endotoxins [12] . Therefore, dye penetration method was used in this study to evaluate microleakage. In a study conducted by Piwowarczyk et al, in 2005, full metal crown cementation was performed using six cements of Rely, Fuji Plus, Fuji 1, zinc phosphate cement, Rely X Unicem, Panavia F and X ARC to compare marginal leakage and marginal cracks. The results indicated that Rely X Unicem self-adhesive resin cement had the lowest microleakage both in enamel and dentin, compared to other tested cements. They stated that self-adhesive cements had less microleakage due to higher consistency, smaller gap at the tooth/cement interface and lack of multiple layers (absence of poor bonding layer present in other bonding systems) [13] . In a study conducted by Vichi et al, in 2010, forty premolar teeth requiring Grade 1 repair were prepared and restored with selfadhering flowable composite. After six months, marginal discoloration and marginal adaptation were evaluated. Only two teeth had minor defects in marginal adaptation and slight discoloration [14] , which was consistent with the findings of the current study. Radovic et al, in 2008 reviewed self-adhesive cements and stated that self-adhesive cements in vitro had weaker bond strength to enamel, despite having an acceptable bond to dentin [15] . In a study conducted by Biria et al, in 2011 microleakage of self-etch sealants and conventional sealants was compared in vitro. They found that self-etch and self-adhesive sealants had greater microleakage in enamel margin than conventional sealants. They believed that self-adhesive sealants cannot form resin micro-tags and an acceptable hybrid layer in the enamel, which result in microleakage in the long run [16] . In a study by Vichi et al, in 2013 on the properties of self-adhering flowable composites, they found that self-etch and self-adhering flowable composites had lower microleakage than conventional flowable composites [17] . One of the possible reasons explaining lower microleakage of selfetch and self-adhesive cements is higher hygroscopic expansion of these materials and their relatively low polymerization shrinkage. Acidic resins that form following the use of self-etch adhesives absorb more water than natural resins; therefore, greater hygroscopic expansion occurs [18, 19] . In self-etch composites, the hygroscopic expansion compensates for the polymerization shrinkage and provides a better seal [20] . Also, improved sealing of the self-etch composites can be due to the unique polymerization/bonding process. During the restoration process by the conventional flowable composites, after completion of the bonding process, the restorative material is placed in the cavity and curing is done. Flowable composite's polymerization stress may affect the bonding of adhesive material to tooth structure and cause debonding. But in self-adhering composites, the process of resin polymerization and bonding occur simultaneously and thus the interaction between bonding and polymerization stress is reduced.
This can positively affect the marginal adaptation of these materials [21] . In an in-vitro study conducted by Bektas et al, in 2013, a total of 30 premolar teeth were divided into three groups. In the first group, OptiBond and self-adhering composite were used. In the second group, self-adhering composite was used alone and in the third group OptiBond and conventional flowable composite were used for tooth restoration. The results indicated that when self-adhering flowable composites were used alone, a proper marginal seal was obtained. No significant difference was found between the three groups in terms of marginal microleakage [5] . In the current study, use of self-adhering composite resulted in proper marginal seal and significantly reduced microleakage. This is of particular importance especially in pediatric dentistry and permanent fissure sealant therapy, and will decrease recurrent caries in the long run. Microleakage of other types of cements and self-adhering composites needs to be compared in future studies.
CONCLUSION
By eliminating the rinsing and drying processes and by the use of isolation process alone, self-adhesive composites can be effectively used for sealant therapy not only in patients with difficult saliva control, but also in children in order to save time and decrease technique sensitivity during sealant placement.
